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SYSTEM AND METHOD OF REDUCING BEARING VOLTAGE 

RAfKGROUND ™? THE TNVENTION 

1. Field Of The Invention 

The present invention relates generally to an electromechanical system, such as an electric 
motor driven by an inverter, and a method for constructing and using the system. The system of the 
invention is designed to minimize rotor voltage and to thereby rninimize bearing voltage and 
bearing current discharges. 

2. Descri ption Of The Related Art 

Virtually all rotating motors, generators, etc. to some degree develop either rotor shaft to 
ground voltage (Vrg), or shaft end-to-end voltage and resulting bearing currents {I b ). Shaft end-to- 
end voltage is typically the result of internal electromagnetic induction effects. External sources are 
a primary cause of V rg via electrostatic coupling. Modern voltage source inverters, such as pulse 
width modulation (PWM) inverters, are among those external sources which may be 
electrostatically coupled and thereby serve as sources of V rg . The resulting V rg gives rise to 
electrostatically induced h which is a growing industry concern since such currents ultimately result 
in mechanical damage to the bearing. 
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In a typical electrostatic coupling situation involving an external source, the rotor shaft 
voltage buildup occurs when the bearing assembly, comprising the rolling elements, the lubricant, 
and the bearing races, forms a capacitor (hereinafter a bearing capacitor), thereby providing a 
charging mechanism for the rotor shaft. The bearing capacitor forms as the rolling elements ride the 
5 dielectric lubricant around the races and become separated from the races by this dielectric film. 
Once the bearing capacitor forms, the external source can capacitively charge the rotor shaft to a 
voltage in excess of the lubricant's electric field breakdown intensity. This ultimately leads to an 
arcing discharge of current across the bearing, pitting the bearing and increasing mechanical wear. 

# Typically these bearing current events take the form of arcing discharge current pulses 

43 

^ commonly referred to as Electric Discharge Machining (EDM) which occur due to capacitive 

111 

! |J discharge breakdowns in high-resistivity grease. These EDM events can occur when the bearing 
; U capacitor voltage, charged by the rotor shaft voltage, becomes high enough to break down the 
lubricant and a high current discharge flows through the charged oil film capacitor. This occurs 
when race-to-bearing asperity contacts come close, thereby increasing the oil film electric field and 
leading to breakdown and resulting high discharge currents. These currents in turn create localized 
elevated temperatures of the races and can lead to molten pits and fluting of the outer race which in 
turn can lead to bearing surface damage and, ultimately, bearing failure. Specifically, EDM events 
can occur when V rg exceeds a critical bearing threshold voltage (V th ), breaking down the insulating 
20 layer of lubricant. These problems are often exacerbated in those cases where PWM inverters are 
present because PWM inverters can produce higher EDM currents than those observed during sine 
wave operation due to their application of high common mode voltage and thereby high V rg . 
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In designing to minimize the incidence of EDM events, the magnitude of the bearing 
voltage can be modeled as a capacitor divider circuit with the divider ratio equal to a Bearing 
Voltage Ratio (BVR). The BVR can be used to evaluate the potential for shaft voltages and bearing 
currents and to design accordingly. TheBVRis equal to where F cm is equal to the stator 

commonmode voltage. Alternately, BVR can be calculated as C s AQ r+ C b+ CJ where C sr equals 
stator to rotor capacitance, C b equals bearing capacitance, and C, equals rotor to frame (rotor to 
ground) capacitance. 

Of the solutions which have been attempted to either minimize Vrg or to reduce EDM, none 
have been completely successful. One such solution involves attaching a shaft grounding brush to 

m the rotor shaft to bleed off 
| requires a low resistance contact between the brush and the rotor. In practice such a contact is 
^ difficult to maintain due to brush wear, contamination, and surface oxidation. 
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Another solution to V rg buildup and the resulting bearing currents is to use conductive grease 
opposed to conventional lubricants. The conductive grease is formed by suspending metallic 
particles in the grease. Experience with conductive grease however indicates that such greases 

decrease bearing life dramatically. 


20 Another solution to reducing V n buildup has been to apply an insulating layer to the rotor 

shaft or bearing surfaces forming an additional capacitance in series with C b . However, this 
approach has raised thermal problems as rotor heat must now traverse this additional insulating 

layer before reaching the frame. 
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Yet another approach has been to use an electrostatic, or Faraday, shield inserted between a 
radiating source and a shielded area to diminish C sr , thereby reducing the coupling between the 
stator and the rotor. Use of such a shield is logistically difficult however because it must be inserted 
into the airgap of a motor without short circuiting the stator laminations, degrading the stator 
insulation system, or bridging the airgap across its entire length. 

SUMMARY OF THE INVENTION 

Certain aspects commensurate in scope with the originally claimed invention are set forth 
# below. It should be understood that these aspects are presented merely to provide the reader with a 
brief summary of certain forms the invention might take and that these aspects are not intended to 
limit the scope of the invention. Indeed, the invention may encompass a variety of aspects that may 
not be set forth below. 
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In accordance with one aspect of the present invention, there is provided a system for 
reducing common mode voltage on the rotor shaft of a motor. The system comprises at least a rotor 
suspended within a frame by a plurality of bearings and a mechanism by which the capacitance 
between the rotor and the frame is increased, e.g. by increasing the surface area presented between 
the rotor shaft and the grounded surfaces. The increase in rotor to frame capacitance serves to 
20 reduce the voltage on the rotor shaft and thereby to minimize the incidence of harmful bearing 

current discharges. Dielectric materials disposed adjacent to the surface area enhancement may be 
used to further increase the rotor to frame capacitance. Ionization of the dielectric material may be 
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done to create a continuous path for current, allowing the shaft to ground voltage to be reduced to 
near zero. 

In accordance with another aspect of the present invention, there is provided a method for 
reducing detrimental bearing current discharges. The method comprises increasing rotor to frame 
capacitance by increasing the surface area presented between the rotor shaft and frame of an 
electromechanical device. The increase in rotor to ground capacitance acts to reduce rotor to frame 
voltage and to thereby minimize the incidence of bearing current discharges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages and features of the invention will become apparent 
upon reading the following detailed description and upon reference to the drawings in which: 

Fig. 1 is a diagrammatical sectional view of an exemplary electric motor having a pair of 
rotor support bearing assemblies; 

Fig. 2 is an enlarged partial cross-sectional view of one of the bearing assemblies illustrated 
in Fig. 1; 

Fig. 3 is an enlarged partial cross-sectional view of an embodiment of the present invention 
illustrating a bearing assembly with a surface area enhancement; and 
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Fig. 4 is an enlarged partial cross-sectional view of an alternative bearing assembly with a 
surface area enhancement containing additional dielectric material. 
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Generally, the present invention relates to reducing the occurrence of V v buildup and the 
resulting EDM events by increasing the Qterm of to BVR, thereby increasing the denominator of 
the ratio. This increase in to Qterm is accomplished, for example, by effective* increasing to 
surface area closely presented between to rotating assembly and to adjacent grounded surfaces. In 
this manner shaft surface area inside a motor or other device may be utilized to increase to 
capaci.ivesurfi.ee area by as much as an order ofmagnitude or more and to thereby decrease the 
scale of the common mode voltage associated with V, s in an inverter driven system. By increasing 
Qf in this way bearing voltage may be reduced to a non-damaging level. 


Further, to gaps created between the rotating assembly and adjacent grounded surfaces may 
be completely or partially filled with a dielectric material to further increase In addition, this 

continuous pat for current flow and keeping mis voltage near zero instead of simply scaling it 
down, in this manner, a mechanism behaving like a shaft grounding brush may be created without 
20 the physical liabilities of a grounding brush. 

Turning now to the drawings, and referring first to Fig. 1, a diagrammatical sectional view 
of an electromechanical device, e.g. an electric motor, is illustrated as having a pair of rotor support 
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bearing assemblies according to one exemplary embodiment of the present invention. The electric 
motor, designated generally by the reference number 10, includes a stator assembly 12 in which a 
rotor assembly 14 is rotatably positioned. Stator assembly 12 is lodged within a frame or central 
housing section 16 of the electric motor in accordance with known techniques. Housing 16 is 
bounded by a drive end bracket 1 8 and a non-drive end bracket 20. As will be appreciated by those 
skilled in the art, drive and non-drive end brackets 1 8 and 20 provide support for a drive end bearing 
assembly 22, and a non-drive end bearing assembly 24, respectively. Assemblies 22 and 24 will be 
described in greater detail below. 

The exemplary motor 10 is a variable speed motor coupled to an inverter 30 such as a pulse 
width modulation inverter. Inverter 30 is typically a source of a common mode voltage to the 
system. As will be appreciated by those skilled in the art, stator assembly 12 includes stator 
dings disposed in a stator core and configured to receive input power from a source to drive 
assembly 14 in rotation. Rotor assembly 14 includes a rotor shaft 26 on which a rotor 28 is 
fixed. A drive or output end 30 of shaft 26 extends through the drive end bracket 18, while a non- 
drive end or fan support end 32 of shaft 26 extends through non-drive end bracket 20. 

It should be noted that the techniques of minimizing bearing current discharges described 
herein are not limited to any particular form of electric motor or to motors at all. Other 
electromechanical devices, such as generators, might also benefit from these techniques. Any 
device comprising a shaft supported by a bearing assembly in a frame and where the shaft acquires a 
voltage may benefit from the described techniques. 
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Bearing assemblies 22 and 24 are provided at a pair of support regions 40 and 42, 
respectively, of shaft 26 to support the shaft in rotation. To accommodate assemblies 22 and 24, 
drive end and non-drive end brackets 18 and 20 each include an integrally formed support extension 
44. In Fig. 1, support extensions 44 are annular structures extending inwardly and forming central 
bores. 46. Within bores 46, each support extension 44 forms a bearing support surface 48 for 
receiving an antifriction bearing set 50 comprising a plurality of bearings. Outboard of bearing 
support 48, each support extension 44 includes an annular outboard seal support 52. Supports 52 
have central apertures coaxial with bores 46, permitting an end of shaft 26 to extend therethrough. 

Support extension 44 is also formed to accommodate an inboard sealing arrangement. In 
particular, an annular internal cap 56 is positioned adjacent to an inboard face of each support 
extension 44. Internal caps 56 surround portions of shaft 26 and define a hole through which shaft 
26 freely extends. Support extension 44, internal cap 56, outboard seal support 52 and shaft 26 
define bearing cavities 62. Each bearing cavity 62 includes an annular space or region surrounding 
shaft 26 in which a bearing set 50 is positioned. 

Referring now to Fig. 2, the mounting arrangement of drive-end bearing assembly 22 is 
shown in greater detail. It can be seen in Fig. 1 that non-drive end bearing assembly 24 is similarly 
mounted. Bearing assembly 22 comprises an inner ring member 80 in contact with and rotating 
with shaft 26. Inner ring member 80 defines a raceway on its outer circumferential surface. An 
outer ring member 82 defines an outer raceway on its inner circumferential surface. The respective 
raceways of inner ring member 80 and outer ring member 82 are radially opposed to define a space 
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in which the plurality of bearing rolling elements comprising bearing set 50 are received. Typically 
the bearing rolling elements of bearing set 50 are constructed as balls or rollers. 

In the illustrated embodiment, internal cap 56 and shaft 26 have been modified to 
cooperatively form a capacitive enhancement 100 in the area of adjacency between inner cap 56 and 
shaft 26. hi the illustrated embodiment, capacitive enhancement 100 comprises a rotating labyrinth 
102. Labyrinth 102 in turn is comprised of grounded member 104, shaft-voltage reducer 106, and 
one or more gaps 108 formed between grounded member 104 and shaft-voltage reducer 106 where 
they cooperatively interact. 

In this embodiment, grounded member 104 is integrated as a portion of internal cap 56 and 
is ultimately grounded by housing 16. Shaft-voltage reducer 106 is mounted on shaft 26. Shaft- 
voltage reducer 106 together with adjacent grounded member 104 constitute apair of enhanced 
surfaces which form a rotating assembly whose interleaving creates an enhanced surface area 1 10. 
Enhanced surface area 1 10 serves to increase the rotor to frame capacitive surface area (Q) of the 
BVR, increasing the denominator of the ratio and reducing voltage between the rotor shaft and 
ground by this scaling factor. This reduction in voltage ultimately results in a reduction of the 
incidence and magnitude of harmful bearing current discharges. 

Referring now to Fig. 3, the embodiment of Fig. 2, particularly capacitive enhancement 100, 
is shown in greater detail. As illustrated in this embodiment, internal cap 56 and shaft 26 are 
modified by a capacitance enhancement 100. hi this embodiment, an enhanced surface area 1 10 is 
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formed by a rotating labyrinth 102 defining the one or more gaps 108 which serve to increase the 
effective surface area between the grounded housing 16 and the shaft 26. 

It should be noted however that the illustrated embodiment is only one of many possible 
embodiments covered by this invention. Other possible embodiments include, but are not limited 
to, the use of rods both in the rotating or fixed portion of capacitive enhancement 100 such that the 
interleaving rods define enhanced surface area 110. Additionally, labyrinth 102 as defined by 
grounded member 104 and shaft-voltage reducer 106 may be oriented perpendicular to the axis 
defined by shaft 26 as opposed to generally parallel to shaft 26. This may be accomplished by 
attaching ring like structures to the shaft to form shaft-voltage reducer 106 and interleaving these 
ring structures with cooperatively formed structures forming grounded member 104 integrated into 
internal cap 56. 

The invention also is not limited to embodiments where grounded member 104 is formed 
integral to internal cap 56. Both grounded member 104, and the resulting capacitive enhancement 
100, may be formed independent of internal cap 56 as long as some attachment to a grounded 
surface, typically housing 16, is maintained. While a preferred embodiment is to form grounded 
member 104 as the portion of internal cap 56 adjacent to shaft 26, grounded member 104 may, 
alternatively, be formed as an attachment to an unmodified internal cap 56 or independent of 
internal cap 56 as long as some means of grounding member 104 is maintained. 

In Fig. 4, an alternative embodiment of the present invention is illustrated. In this 
embodiment, capacitive enhancement 100 is again shown comprising rotating labyrinth 102 for 
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illustrative purposes. In this embodiment the one or more gaps 108 defined by the cooperative 
engagement of grounded member 1 04 and shaft-voltage reducer 1 06 are completely or partially 
filled with a dielectric material 1 12 to further increase the rotor to frame capacitance of the system. 
The dielectric material may be combined with or formulated as the lubricant or grease already 
present in bearing cavity 62, however a different dielectric substance may be used to fill the one or 
more gaps 108 specifically for the purpose of increasing rotor to frame capacitance. It should be 
noted that the addition of dielectric material 1 1 2 to capacitive enhancement 1 00 is not limited to the 
embodiment illustrated. In particular, other embodiments, such as the rotating rings or rotating rods 
previously mentioned, may also benefit from the addition of dielectric material 1 12 to the extent that 
the alternative embodiments define one or more gaps 108 to which dielectric material 112 may be 
added. 

In a preferred embodiment based upon that illustrated in Fig. 4, dielectric material 1 12 is 
ionized to form a continuous path for current flow. This ionization may be accomplished by the 
shaft or bearing voltage already present. The embodiment allows for the reduction of shaft and 
bearing voltage to near zero, as opposed to simple reduction by a scaling factor. By forming this 
continuous path for current flow, a virtual shaft grounding brush is formed which allows this 
reduction to near zero voltage. Unlike a traditional shaft grounding brush however, there are none 
of the concerns about maintaining a low resistance contact between the brush and the rotor. 

While the invention is susceptible to various modifications and alternative forms, specific 
embodiments have been shown by way of example in the drawings and have been described in 
detail herein. However, it should be understood that the invention is not intended to be limited to 
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the particular forms disclosed. Rather, the invention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the invention as defined by the appended claims. 
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